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(57) This invention concerns a monoclonal antibody 
having binding specificity for an antigenic determinant 
site on core structural protein from Non-A^Non-B hepa- 
titis virus (N ANBV); a hybridoma ceil line capable of pro- 
ducing the monoclona! antibody; a process for the prep- 
aration of the monoclonat antibody; an immunoassay of 
NANBV-related antigens by use of the monocionai an- 



ttbody; and a test kit for use in the immunoassay The 
preferred monoclonal antibody is 5E3, 6F11, 51 5S or 
1080S, The monoclonal antibody can specifically rec- 
ognize the NANBV core structural protein in sera from 
patients with Non-A^Non-B hepatitis thereby being 
served extensively as an antibody in various immuno- 
iogical reagents for definitive diagnosis of Non-A, Non- 
B hepatitis. 
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Description 

This invention relates to an immunoassay for detecting or quantifying core proteins of the structural region of Non- 
A,Non-B hepatitis virus in specimens, to monocbnal antibodies for use in the immunoassay^ to hybr^domas capable 
s of producing the monocionai antibodies, and to a test kit comprising the monoclonal antibodies. 

Post-transtusion hepatitis refers literally to a hepatitis caused by transfusion. As a causative virus of the post- 
transfusion hepatitis, hepatitis B virus {i.e., HBV) was first identified, but It was suspected thereafter that an other virus 
was Involved in the post-transfusion hepatitis in addition to HBV, This virus that is different from HBV was named Non- 
A, Non-B hapatitis virus (hereinafter, referred to as "NANBV") or hepatitis C virus (i.e., HCV), and its identification was 
10 demanded . 

Non-A,Non-B hepatitis corresponds to at least 90% of the post-transfusion hepatitis, and 50-80% of the infected 
patients indicate chronic symptoms which subsequently transfer to cirrhosis then hepatoma in high proportions, and 
because of this, there has been a great demand on physiological functions of this disease. The Non-A,Non-B hapatitis 
has been cynically identified mainly by the so-called exclusion-diagnosis method in which it is first confirmed whether 

IS this disease is hapatitis A or hepatitis B or other hepatitis caused by f<:nown viruses (e.g., cytomegalovirus and Epstein- 
Barr virus) by which liver disorders are caused, after which if the disease is other than the known hepatitis then it is 
determined as being Mon-A,Non-B hepatitis. 

The cloning of a gene of the virus in question was thereafter carried out by a group of Choo et aL using NANBV- 
infected chimpanzee plasmas (see Science 244:359-362, 1 989), and a method tor the diagnosis of the Non-A, Non-B 

^0 hapatitis was developed in which the detection of antibodies raised against NANBV was carried out by use of recom- 
binant antigens prepared by introducing parts of the non-structural region of NANBV genes (i.e., extending from NS3 
to NS4) (see Science 244;362'364, 1 989; and JP-A-2-500880). 

The commercially available first generation reagent that contains a recombinant antigen (i.e., c100-3 protein) de- 
veloped by Chiron Corp. (USA) can detect as positive 70-80% of patients with chronic Non-A, Non-B hapatitis, but 

25 because the c1 00-3- antibody titer does not rise at the early infection and the detection of the antibody to cl00-3 is 
impossible, It was known that there were cases undetected even when infected aid that considerably non-specific 
responses were observed in sera from patients with autoimmune diseases or hyper-y globulin sera. 

More recently, the second generation regents containing an additional core antigen which is a structural protein 
of NANBV were developed whereby about 90% of patients infected with NANBV could be detected, but the detection 

so of patients with sporadic Non-A,Non-B hepatitis is as low as about 40%. In addition to the above-mentioned antibody- 
detection methods, developed are methods for the detection of NANBV genes in which the presence or absence o1 
the NANBV genes is determined by PGR (see Science 230:1 350-1 354, 1985) or DNA probe method. 

However, there are some diticult problems in the detection methods using the PGR method. As such problems, 
the following are exemplified: reverse transcription is required because NAMBV Is a RN A virus; the loss of cDNA occurs 

35 during the reverse transcription; specific amplification equipments are needed; it Is Impossible to treat a lot of samples 
at one time because the operation is complex; and contamination of samples are often observ^ed. 

Regarding Non-A, Non-B hapatitis virus, its viral level is very low in patient bodies and its in vitro proliferation 
system has not been established, so no experimental immunoiogical sera have been obtained using native NANBV 
virions or purified NANBV proteins. Human sera Include different productions of antibodies to NANBV-related antigens 

^0 depending on individuais, namely, individuals showing a high antibody titer, individuals not capable of eliciting the 
antibodies, and individuals having an antibody to an antigen present In a certain region of NANBV but not any antibodies 
to antigens in other regions. Additionally, because of polyclonal antibodies, human sera include antibodies to foreign 
substances other than NANBV, so estimation of obtained results has to be conducted while taking undesirable cross- 
reactions into consideration. 

45 When unknown antigens are estimated by use of antibodies, well attention is required for the above reasons. In 

this cont6)ct, the development of a method of the detection of NANBV itself for definitive diagnosis has been noted. 

With respect to monoclonal antibodies to NANBV prior arts do not describe any practical production of such mon- 
oclonal antibodies although its possibility has been suggested (see EP-B-31 8,21 6 and EP-B-388,232), except for mon- 
oclonal antibodies specific for epitopes on core proteins of NANBV (see JP-A-5-260960), But the latter monoclonal 

so antibodies differ from the monoclonal antibodies of this invention in recognizable epitope types, assay methods, sen- 
sitivities for detection, preparation methods, etc. 

A high degree of mutation are observed in a Non-A,Non-B hepatitis virus genome as other class of RNA viruses. ^ 
As stated above, the level of NANBV virions themselves are very low in patients infected with NANBV and thus the 
level of antibodies to NANBV-related antigens in the patients' sera is low, so all the patients can not be detected using 
reagents for detection of the antibodies. Because Nion"A,Non-B hepatitis whose prevention has not yet been achieved 
is assumed to transfer to cirrhosis and hepatoma up to 10-30 years after infection in many infected persons (including 
carriers), early finding and early treatment are of course very important. Recently, it has been reported that the interferon 
(referred to as ""IFN", hereinafter) therapy is effective for chronic patients, but the liver disorders can not be completely 
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cured by the [NF treatment alone, as seen from the fact that there are many cases re-suffering from the hepatitis even 
when the I FN treatment was terminated. Thus complete exclusion of NANBV from the patient bodies is difficult, it is 
rather significant to grasp the pathology of the disease in order to assume the treatment or prognosis, and because of 
this, it is strongly desired not only to detect antibodies to NANBV-related antigens but also to measure NANBV-related 

s markers (i.e., antigens). Thus, the development of a method of obtaining NANBV virions, particularly NANBV-ralaled 
antigens from infected sera in a simple way and in a high yield, as well as the detection or quantitative analysis of the 
virions or antigens, has been demanded 

Accordingly, an object of this invention is to provide a method for the simple treatment of NANBV-related antigens 
to concentrate and then denature them in specimens. 

10 Another object of this invention is to provide a monoclonal antibody which can speciflcaHy recognize an NANBV- 

reiated core antigen and has a binding constant Ky^^ of 5 X 1 0'' [M^"*] or larger when forming an immune complex between 
the monoclonal antibody and the NANBV-related core antigen; a hybridoma capable of producing the monoclonal 
antibody; and a method for the preparation of the monoclonal antibody. 

Yet another object of the invention is to provide a method for sensitively detecting or quantifying an NANBV-related 

1^ antigen using the monoclonal antibody 

Embodiments of the Invention are described below, by way of example only, and with reference to the accompanying 
drawings of which: 

Figure 1 is a photograph showing Western bbt images as resutts of the Immunological reaction between each of 
the monoclonal antibodies 51 5S, 1080S. 5E3 and 5F11 and an HCV.CORE antigen, where 
^0 lane 1 : lysate of a rabbit kidney culture cell line {RK1 3) infected with a recombinant vaccinia virus LO-R6J1 3^ approx- 
imately 2.5 X 10"* cells/lane, non-reducing; 

lane 2: lysate of a rabbit kidney culture cell line (RK13) infected with the recombinant vaccinia virus LO-R6J13, ap- 
proximately 2.5 X 10** cells/lane, reducing; 

lane 3: lysate of a rabbit kidney culture cell line {RK1 3) infected with a recombinant vaccinia virus LO-R6J20, approx- 

25 imately 2.5 X 1 0^ ceHs/lane, non-reducing; 

lane 4: lysate of a rabbit kidney culture cell line (RK13) Infected with the recombinant vaccinia virus LO-R6J20, ap- 
proximately 2.5 X 10^ cells/lane, reducing. 

Figure 2 is a calibration curve of a structural protein TrpCII derived from NANBV as determined by the sandwitch 
technique using the monoclonal antibodies 5F11 and 5E3 of this invention. Bars in the figure show 2SD (standard 

30 deviation}, 

figure 3 is a calibration curve of a structural protein TrpC11 derived from NANBV as determined by the sandwitch 
techrilque using monoclonal antibodies 1080S and 51 5S of this invention. Bars show2SD. 

Figure 4 is a calibration curve of a structural protein TrpC1 1 derived from NANBV as determined by the sandwitch 
technique using a solid phase monoclonal antibody 5F11 together with ^-gaiactosidase (GAL)-labered 5E3. Bars show 

Figure 5 is a calibration curve of a structural protein TrpGH derived from NANBV as determined by the sandwitch 
technique using a soHd phase monoclonal antibody 10S0S together with p-galactosidase (GAL)-]abeled 51 5S. Bars 
show 2SD. 

Figure 6 is a graph showing the detection limit of a structural protein TrpCII derived from NANBV as determined 
^0 by the sandwitch technique using the monoclonal antibodies 5F11 and 5E3 of this invention. The concentration of 
TrpC1 1 is in the range from 0 to 6,000 pg/mL 

Figure 7 is a graph showing the detection limit of a structural protein TrpCII derived from NANBV as determined 
by the sandwitch technique using the monoclonal antibodies 5F11 and 5E3 of this invention. The concentration of 
TrpCII is in the range from 0 to 400 pg/mL 
45 Figure 8 Is a graph showing assay results of NANBV structural proteins In serum samples. Samples having a 

sample number with "N" are ones estimated as negative using a commercially available second generation reagent 
(Immucheck'HCV Ab "KOKUSAI" sold by International Reagents Corp., Japan}, and samples having a sample number 
with "P" are ones estimated as positive using the same. 

We have studied a method for the detection of antigens from the structural protein region of NANBV by use of 
50 monoclonal antibodies against them. As a result, we have now found that NANBV virions could be concentrated and 
dissociated by centrifuging a specimen (e.g., serum) with polyethylene glycol foNowed by alkaline treatment of the 
precipitate obtained. Further, we succeeded in obtaining monoclonal antibodies extremely specific for HCV structural * 
proteins using as immunogens recombinant polypeptides having HCV antigenic activity and prepared by expression 
of genes for core structural proteins in Escherichia c o lL The monoclonal antibodies obtained can react speclficaily with 
SB core structural proteins from the viral virion. 

Accordingly, this invention provides a monoclonal antibody having a binding specificity for an antigenic determinant 
site on core structural protein from NANBV. 

More specifically, the monoclonal antibody of the invention can be prepared by transforming a host ceil with a 
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recombinant vector that carries a gene fragment encoding an NANBV core protein and comprising a base sequence 
encoding the amino acid sequence shown in SEQ iD NO:1 ; culturing the transformed host cejlto prepare a polypeptide 
having an NANBV-antlgenic activity and having the amino acid sequence shown In SEQ ID N0:1; and applying the 
polypetlde as immunogen to the usual preparation of monocbnai antibodies. The monocbnaf antibody can be prepared 
5 from a hybridoma cell iine produced by infusion of lymphocytes derived Irom a mouse immunized with the NANBV 
core structural protein, wfth myeloma cells, and it can be employed In immunoassay for the detection or quantification 
of NANBV structural proteins and in a test kit for the detection or quantification. 

Accordingly, this invention provides the hybridoma cell line, the immunoassay and the kit as mentioned above. 

In addition, this invention provides a monoclonal antibody capable of specifically recognizing an amino acid se- 
10 quence shown in SEQ ID NO:2, 3, 4 or 5 or its partial sequence; an immunoassay for the detection or quantification 
of NANBV structural proteins using the monoclonal antibody; and a kit for use in the immuno-assay 

The Immunoassay of the invention comprises the following steps of: (a) centrifuging a specimen with polyethylene 
glycol to concentrate Non-A^Non-B hepatitis virus or its related antigens therein, followed by alkaline treatment; (b) 
contacting the specimen treated in step (a) with the monoclonal antibody of the invention to form an antigen-antibody 
IS complex; and detecting or quantifying the presence of NANBV-retated antigens. 

This assay is characterized by comprising a pretreatment in which a specimen Is centrifuged with polyethylene 
glycol to concentrate NANBV or its related antigens, and the precipitate is then treated with an alkaline agent such as 
sodium hydroxide, whereby the viral virions are disintegrated and any coexisting antibodies are deactivated. In this 
invention, the monoclonal antibody possesses a binding constant in forming an immune complex of the monoclonal 
20 antibody with an NANBV structural protein: normally 5 X 10^ [M'"'] or larger, preferably 5 X tO^ [M^"^] or larger, more 
preferably 7X10^ [M""^] or larger. 

This invention will be described in more detail. 

The term "gene fragment encoding a structural protein of NonA,Non-B hepatitis virus" as used herein refers to a 
gene fragment comprising a gene encoding the core region of NANBV structural proteins, namely, a DNA fragment 
^s comprising a base sequence encoding a polypeptide having at least an amino acid sequence from position 1 (corre- 
sponding to the N4erminusof the entire structural region coded for by the NANBV genome} to position 123. Particularly 
it is a gene fragment comprising a base sequence encoding the amino acid sequence shown in SEQ ID NO:2. 

The gene fragment in this invention can be prepared from a cDNA library that was prepared through the separation 
of NANBV genes from sera of patients with post-transfusion Non-A,Non-B hepatitis, or alternatively it can be obtained 
30 by synthesizing DNA probes based on known nucleotide sequences of NANBV genes (see Proc. Natl. Acad. Sci. USA, 
87:9627-9528, 199D; and jbid, 88:2451 -2455, 1 991 ). subjecting the cDNA library to DNA/DNA or DNA/RNA hybridiza- 
tion in accordance with usual methods, and then screening a desired gene fragment. 

A fusion gene in this invention can be prepared by ligating together two DNAs, I.e, the gene fragment encoding 
an NANBV structural protein and TrpE gene, by conventional recombinant DNA techniques, The ligation or fusion may 
35 be carried out by utilizing restriction sites from a linker added when the cDN A library is prepared, restriction sites from 
a plasmid in which the gene fragment is inserted, or the like in the case of the gene fragment, whilst by utilizing restriction 
sites from a plasmid in which the TrpE gene is Inserted or restriction sites present In the TrpE gene in the case of the 
TrpE gene. 

In this invention, recombinant vectors containing the fusion gene can be prepared by Insertion of the fusion gene 
into a vector such as plasmid by usual recombinant DNA techniques. As the vector, in addition to conventional vectors 
such as piasmids and phages, viruses such as vaccinia virus and baculovirus may be used. 

Hosts usable are for example prokaryotes such as E. coil . Bacillus subtilis or Actlnomycetes , and promoters usable 
In this case are for example tryptophan synthetase operon (trp), lactose operon (lac), X phage and P^, and so on. 
In this case, recombinant (poiy)peptides can be obtained as Infusion with other peptides with good efficiency. 
45 Eukaryotes, e.g. yeast cells, insect cells, plant cells and animal cells, may be employed too. Promoters usable in 

this case are for example promoters for enzymes such as 3-phosphoglyceiate kinase and enolase In the glycolisis 
system and for alcoholdehydrogenase which promoters can be usually used in yeast cells; and viral promoters usable 
in mammalian cells such as promoters from Poliomavlrus , Adenovirus , simian SV-40, vaccinia virus and Cytomegalo- 
virus , etc. 

BO The vectors as used in the invention may optionally contain a marker sequence such as ampictllin resistance gene 

or tetracycline resistance gene, an origin of replication, a terminator, a ribosome-binding site, and the like. 

The recombinant NANBV structural protein can be prepared, for example, by the process comprising constructing 
a replicabie expression vector capable of expressing the above mentioned gene fragment within an appropriate host 
cell; introducing the expression vector into the host cell to obtain a transformed cell; culturing the transformed cell 
BS under conditions capable of expressing the gene fragment to produce a recombinant (poly)peptlde; and recovering 
the recombinant (poly}peptide. 

For the transformation, usual methods including calcium chloride method may be applied. For example, see Ex- 
amples set forth below where E col] host cells were transformed with a recombinant vector TrpTrpE CORE140 to 
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obtain a recombinant E. coli . 

Tlie culture of the transformed^ coli can be carried out in a usual eutrophic medium f or E. coli such as L medium, 
YT medium or M9-CA medium. The recombinant vector prepared as above has a drug resistar^ce gene, so when the 
E. coii containing the vector is cultured then it is desirable to add to its medium a corresponding drug of an appropriate 

5 concentration. For example, when a recombinant E^ coli strain HB101[Trp,TrpE CORE140]that was obtained by trans- 
forming Ecofi strain HB101 with the recombinant vector Trp.TrpE CORE140 is cuKured, ampicillin may be added to 
the medjunn in a concentration of 20-200 [ig/mf. 

The expression of a gene for the fusion polypetide is carried out by inducing the expression by an appropriate 
promoter upstream ol the gene. For example, in the case of the above mentioned vectors, after the transformed host 

10 cell is cultured in an appropriate medium until a given level of bacterial cells is obtained, the gene expression can be 
started by addition of lAA (i.e., indoleacryHc acid). To conduct the efficient gene expression, lAA is preferably added 
at the early phase or middle phase of the logarithmic grov/th phase. Following induction ol the expression, the culture 
is continued to accumulate the fusion polypeptide within the bacterial cells. For example, in the case of the recombinant 
coli strain HB1 01 [Trp.TrpE CORE140], it is cultured in an ampiclttin<tontaining M9-CA medium at ST'^C for 13-16 

f5 hr thereby being obtained in a full amount and producing the fusion polypetide In a high yield. 

The collection and purification of fusion polypeptides from cultured bacterial ceils can be carried out by conventional 
techniques, e,g, sonication of the ceils, solubilization^ ammonium sulfate fractionation, and various chromatographies. 
When the fusion polypeptides are expressed efficiently by the above mentioned methods, they form insoluble 
granules within bacterial cells. In this .case the bacterial cells are dispersed in a physiological bu^er such as physio- 

so logical saline and then destructed by for Instance sonication, after which the debris is subjected to centrif ugation to 
recover the insoiuble materials as precipitate. 

The recovered insoluble materials are washed with a buffer containing a low concentration of urea, guanidium HCI 
or surfactant such as Triton X-100 to obtain a fusbn polypeptide having a high purity. The fusion polypetide In the form 
of insoluble materials can be solubillzed by adding thereto a buffer containing 6-8 M urea or guanidium HCI. The 

^5 solubillzed fusion ploypeptide can be dialyzed against or dissolved in an appropriate but er such as physiological saline 
so as to decrease the level of urea or guanidium HCI up to an appropriate concentration. The resulting fusion polypetide 
can be employed as immunogen. If the fusion polypetide is needed to purify in a higher purity, it can be purified using 
known purification procedures, e.g., separation methods such assaying out, ion-exchange chromatography- gelftltra- 
tion and affinity chromatography, fractionation method such as electrophoresis, and combinations thereof. 

30 When a certain base sequence encoding an amino acid sequence that can be cleaved chemically or enzymatically 

is inserted between the gene fragment encoding NAMBV structural protein and the TrpE gene, the fusion polypetide 
produced is treated by appropriate methods whereby the NAN BV antigenic polypeptide that comprises the amino acid 
sequence shown.iin SEQ ID NO:l and is coded lor by the gene fragment can be obtained In the TrpE-free form. In this 
invention^ If the part of the amino acid sequence shown In SEQ ID NO;1 Includes a substitution. Insertion or deletion 

35 and the antigenic- activity of the polypeptide variant is substantially Identical to that of the intact polypetide, such a 
variant is also included In the scope of the invention. 

The term "polypeptide having NAMBV anttgentc activity" as used herein refers to a polypetide or fusion polypeptide 
reactive immunologically with an anti-NANBV antibody, and It can be employed as an antigen for use in preparation 
of hybrldomas and monoclonal antibodies. For example, the polypeptide of the invention Is a fusion polypeptide having 

40 NANBV antigenic activity and comprising the amino acid sequence shown In SEQ ID NO:1, or a polypeptide having 
NANBV antigenic activity and comprising a part of the amino acid sequence shown In SEQ ID NO:1, wherein to the 
Nor C-terminus may bo added an extra amino acid sequence. As the partial sequence of the amino acid sequence 
shown in SEQ ID NO;1, preferred are sequences shown in SEQ ID NOs;3, 4 and 5, 

Monoctonai antibodies of the invention, directed against the above mentioned fusion polypeptides or polypeptides 

45 comprising the amino acid sequence shown In SEQ ID NOs:3, 4 or 6, can be easily prepared. The preparation of a 
monoclonal antibody by using hybrldomas Is well known. For example, the following procedures can be employed. 
SALB/c mice are Immunized intraperltonially or subcutaneously at regular intervals of time with each of the above 
mentioned fusion polypeptides or polypeptides (hereinafter, referred to as "antigen") as a single antigen or as an antigen 
coupled to BSA, KLH or the like, in combination with complete Freund's adjuvant. At the time when the antibody titer 

BO in bbod is raised, the mice are boosted with the antigen in the murine tail vein. Following the aseptic removal of spleen 
cells, they are fused with an appropriate murine myeloma cell line to obtain hybrldomas. The preparation method of 
the monoclonal antibodies of the invention can be carried out by the method of Kohler and Mllstein (see Nature 256: 
495-497,1975). 

Thus, this invention further provides a hybridoma cell line capable of producing a monoclonal antibody having a 
55 binding specificity for an antigenic determinant site on the NANBV core structural protein. More particularly, the hybri- 
doma cell line is selected from the group consisting of HC11-5E3, HC11-5F11, HC11-515S and HC11-10SOS. Hybrld- 
omas HC11-5E3. HC11-5F1 1, HC11-515S and HC1M080S were respectively deposited with the national Institute of 
Bioscience and Human-Technology, Agency of Industrial Science and Technology, Ministry of tnlernational Trade and 
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Industry, Japan on July 5, 1994. July 5. 1994, June 29, 1994 and June 29, 1994 under accession numbers PERM P- 
14416, PERM P-14416, PERM P^14403and PERM P-14402, and subsequently transferred to the international depo- 
sition under the terms of the Budapest Treaty on June 23, 1 995 and received Accession Nos. PERM BP-51 47, PERM 
BP-6148, PERM BP-5146 and PERM BP-5145, respectively 

5 The hybridoma cell lines prepared as above are cultured In an appropriate medium, and thereafter a hybridoma 

cell line capable of producing an antibody specific for the antigen (i.e., polypeptide or fusion polypeptide described 
above) is screened for cloning. The cloning of the antibody producing hybridoma can be carried out using the Hnnited 
dilution method or the soft agar nnethod (see Eur. J. Immunol. 6:51 VSI 9, 1979) or Ihe like. The resultant monoclonal 
antibody can be purified by for example a column chromatography using Protein A. 

10 Thusj this invention further provides a monoclonal antibody produced by the above mentioned hybridoma cell line 

and having a binding specificity for an antigenic determinant site on the NANBV core structural protein. 

Examples of the antigenic deteiminant site include sequences constituted by at least 3, preferably at least 5, more 
preferably 8 contiguous amino acid residues In the amino acid sequences shown In SEQ ID NOs:1 , 3, 4 and 5. As the 
monoclonal antibodies used in the invention, preferred are ones having at least 5 X 10^ [M'""] of a binding constant 

IS in foiming an antigen-antibody complex between the monoclonal antibody and the NANBV core structural protein. 
Particularly, the monoclonal antibodies are selected from the group consisting of 5F11 , 515S and 1 080S that are 
secreted by the above mentioned specific hybridoma cell lines. 

This Invention further provides a process for the preparation of the above mentioned monoclonal antibodies, which 
process comprises fusing a myeloma cell fine with lymphocytes derived from a mouse immunized with the NANBV 

20 core structural protein to prepare a hi^bhdoma celt line; culturing the resultant cell line while secreting a monoclonal 
antibody specifically binding to an anligenic determinant site on Ihe NANBV core structural protein; and purifying the 
resultant monoclonal antibody 

Examples of the Immunogens include (poly)peptides having the amino acid sequences shown in SEQ ID NOs:1 , 
2, 3, 4 and 6, or partial sequences thereof. 

SB Aiternatively the monoclonal antibodies of the invention can be prepared by using phage surface-presenting sys- 

tem (see Nature 348:552-564, 1 990; ibid, 349:293-299, 1 991 ). Briefly, the spleen cells are removed from an immunized 
mouse, from which RNA is prepared by usual methods {including guanidine thiocyanate method or phenol extraction 
method) and polyA RNA that is a fraction containing mBNA is prepared by usual methods. In this case, the hybridoma 
cell lines established by the above mentioned methods may be employed in place of the spleen cells. Using the mRNA 

30 as template, cDNA is synthesized, after which PGR is carried out using appropriate primers capable of amplifying long 
chain or short chain variable regions of immunoglobulin to obtain a long chain or short chain variable region^ncoding 
DNA fragment. After the amplified DNA fragments encoding the long chain and short chain variable regions are llgated 
together by genetic engineering techniques, the resultant ligated DNA Is introduced in an expression vector that enables 
phage surface presenting, e.g. pCANTABSE (Pharmacia) and expressed in E, colj as host. Of phages in which the 
. 35 variable regions were presented, ones bindable to the polypeptides of interest are chosen, and by using them can be 
prepared monoclonal antibodies that have an ability capable of binding to the homologous peptides to those produced 
in murine cells. 

The monoclonal antibodies prepared according to the invention can be employed in detection or quantification of 
NANBV structural proteins in specimens, and as test reagents usable In assays such as enzyme-ltnked immunosorbent 
40 assay (ELISA), enzyme immunodot assay, radioimmunoassay, aggregation-based assay, or other well known immu- 
noassays, in detection, a labeled antibody can in general be employed. Examples of labeling compounds are enzymes, 
fluorescent substances, chemiiuminescent substances, radioactive substances and dye substances, which are known 
in this field. 

Examples of specimens are biological fluids such as whole blood, serum and plasma; liver tissue, etc. 
^5 This invention further- provides a test kit for the detection or quantification of NANBV or its related antigens in 

specimens, the kit being able to use in the above mentioned Immunoassys. The kit comprises at least one monoclonal 
antibody, preferably at least two monocionai antibodies as defined above, and one of the antibodies may be employed 
as a labeled second antibody 

For example, when two-antibody sandwitch reaction system is used for detection of NANBV structural proteins in 
BO specimens, the test kit may comprise a monoclonal antibody of the invention coated onto a solid support (e.g., inner 
wall of microtiter wells), together with a labeled monocionai antibody or its fragment as a second antibody The mon- 
ocionai antibodies usable herein are as defined above, and they are preferably selected from the group consisting of 
5E3. 5F1 1 , 51 5S and 10S0S. Any combinations of a monoclonal antibody immobilized on a solid support with a labeled 
monoclonal antibody can be selected as long as the high sensitivity for detection or quantification is achieved. , 
BS Examples of solid supports include a microtiter plate, tube or capillary (e.g., made of polystyrene, polycarbonate, 

polypropylene, polyvinyls, etc.}, beads (e.g., latex particles, erythrocytes, metal compounds, etc.), films {e.g., lipo- 
somes), and membrane filters. 

In this invention, the immunoassay for the detection or quantification of NANBV structural proteins comprises a 
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pretreatment in which each specimen is treated physically and chemically That is, polyethylene glycol (PEG) is added 
to a specimen and then dtsaolved followed by centrifugation^ after which the precipitate fs denatured by addition.of an 
alkaline solution thereby the NANBV structural proteins in the specimen being concentrated and disintegrated. By this 
pretreatment, the high sensitive assay can be achieved. The average molecular weight and content of PEG for use in 

s the treatment of sera can be varied. The average moiecular weight of PEG used Is typically 1 ,000, 1 ,500, 2,000, 4,000 
or 6,000, and the content thereof is in the range from 3% to 5% (by weight). PEG having an average molecuiar weight 
of 1 ,000 to 2,000 is advantageously employed m a liquid form after heating because it is a gel and its handling ^s hard. 
PEG 4:000 and PEG 6,000 are preferably employed in the pretreatment because they are crystals thus leading to easy 
handling, and therefore the use of these PEGs Is one of preferred embodiments in the invention. Examples of the 

10 alkaline agent include, but not limited to, alkali metal or alkaline earth metal hydroxides. The pH of the solution is at 
least pH 10, preferably pH 12 to 14 during the denaturatlon treatment. 

This invention will be Klustrated by the following Examples in more detail, but it should be understood that the 
invention is not limited only by the Examples. 

IS Example 1 

Expression and purlfjca^ of polypeptide derived from Non-A,Non-B hepatitis virus 
iA) Cohstruction of expression plasmid 

20 

An expression plasmid that can express a polypeptide of HCV core region was constructed by the method set 
forth below. One j^g of each DNA of plasmlds pUC.C11-C21 and pUC.C10-E12 which were obtained by integrating 
clones C11 -C21 or C10-E12 {see JP-A-6-3B765) into pUC119, respectively, was digested at 37X for 1 hr In 20 jil of 
a restriction reaction solution [50 mlVI Tris-HCi (pH 7.5), 10 mM MgCI^, 1 mU DTT, 100 mM NaCI, 15 units of EcoRI, 

55 and 15 units of C\a\] or [10 mU Tris-HGI (pH 7.5), 10 mM MgCI^. 1 mM DTX 50 mM NaCl, 15 units of Glal. and 15 
units of Kpnl|, respectively Thereafter, the digests were subjected to 0.8% preparative agarose gel electrophoresis to 
purify approximately 3B0 bp EccRhClal and approximately 920 bp Clal-Kpnl fragments. The two DNA fragments were 
ligated to a vector that pUC11 9 had been digested with EcoRI and Kpnl at 1 6**C overnight In 50 yd of a ligase solution 
which contains a mixture of 5 |al of 10 X ligase buffer [660 mM Tris-HGI {pH 7.5), 66 mM MgCi^, 100 mM dithiothreitol, 

30 1 mM ATP] and 1; \x\ of T4 ligase {350 untts/^1) diluted with water to the total volume of 50 JE coli strain JM109 was 
transformed with..the resultant piasmid to obtain a plasmid pUG.C21 -El 2. 

One ng of the plasmid pUC.C21-E12 DNA was subjected to PGR using two primers: 5'-GAATTCATGGGGAC- 
GAATCCTAAA-SI {SEQ ID NO:6) and 6'-TTAGTCGTCCAGAAGGCGGAC"3' (SEQ ID NO:7). The PGR was carried 
out using GeneAmp™ Kit {DNA Amplification Reagent Kit, Pemn Elmer Cetus) underthe conditions: DNA denaturatlon, 

35 gs'^G, 1 .5 min; aranealing, 50^G, 2 min; and DNA synthesis, 70''C, 3 mln. 

A DNA fragment obtained by PGR was separated by 0.8% agarose gel electrophoresis and then purified by Glass 
Powder method (Gene Clean). On the other hand, after pUCI 9 was digested with Smal, the above DNA fragment was 
ligated to the digested pUC1 9 at 16°G overnight in 50 \i\ of a ligase solution which contains a mixture of 5 |il of 10 X 
ligase buffer [660 mM Tris-HCi (pH 7.5), 66 mM MgCI^, 100 mM dithiothreitol, 1 mM ATP] and 1 pi of T4 ligase {350 

<J0 units/^l) diluted with water to the total volume of 50 \il ^ coH strain JM109 was transformed with the resultant plasmid 
to obtain a plasmid pUC.19.C21-E12.SmaL One fig of this plasmid DNA was digested at 37''C for 1 hr in 20 p.1 of a 
restriction reaction liquid [150 mM NaGI, 6 mM Tris-HCI (pH 7.5), 6 mM MgCi2> 15 units ol EcoRI, and 15 units o1 
BamHI], after which the digest was subjected to 0.8% agarose gel electrophoresis to separate an approximately 490 
bp EccRI-BamHi fragment which was then further purified by Glass Powder method. 

4B Next, 1 pg of an expression vector Trp.TrpE DNA (see JP-A-5-a4065} was digested at SJ^'C for 1 hr in a restriction 

reaction liquid |150 mM NaGI, 6mMTri8-HGi (pH 7.5), 6 mM MgCI^, 15 units of EcoRI, and 16 units of BamHI]. To the 
reaction mixture was added 39 |il of water followed by heat treatment at 70*C for 5 min, after which to this was added 
1 ^l of bacterial alkaline phosphatase (BAP) (250 units/^il) and the mixture was then left at 37*'C for 1 hr Poiiowing 
addition of phenol, phenol extraction was conducted, the aqueous layer was ethanol-precipitaled, and the precipitate 

BO was dried. The resultant EcoRhBamHi treated vector DNA 1 pg was ligated to the above CORE1 40 fragment at 1 6°C 
overnight in 50 ii\ of a ligase solution which contains a mixture of 5 of 10 X ligase buffer [660 mM Tris-HCI (pH 7,5), 
66 mM MgC[2, 100 mM dithiothreitol, 1 mM ATP] and 1 fxl of T4 iigase {350 units/p.[) diluted with water to the total 
volume of 50 ^1. 

E coB strain HB101 was subsequently transformed with 10 jil of the resultant reaction mixture. This competeni 
£^ strain for use in transformation was prepared by the calcium chloride method (see Mandel, M. and Riga, A. J. Mol 
Biol., 53:159-1 62, 1970), The transformed E.co!i was plated onto a LB plate (1% tryptone, 0.5% NaCI and 1 .5% agar) 
containing 25 |xg/mt of ampicillin, and cultured at 37*'C overnight. A colony on the plate was taken in an amount of 1 
piatinium loop, which was then transferred to LB medium containing 25 ]ag/ml of ampicillin followed by culture at 37''C 
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overnight. By using Ihe bacteria! ceils collected by centrifugatton of 1.6 ml of the culture, Mini^rep of piasmid DNA 
was carried out by the aikaline method [see Manniatis et al, Molecufar Cloning: A Laboratory Manual, {1982)], The 
resultant piasmid DNA 1 ixg was digested at 37^0 for 1 hr in 20 of a restriction reaction liquid [1 50 miVI NaCI, 6 mM 
Tfis-HCI (pH 7.5), 6 mlVI MgClg, 15 units of EcoRI, and 15 units of BamHl], Foilowing agarose ge! eiectrophoresis, an 
& expression piasmid TrpTrpE CORE140 that can generate an approximately 490 bp EcoRI-BamHi fragment was 
screened. 

(8) Expression and purificat^ encoded by clone CQRE140 

10 The E. constrain HB101 carrying the expression piasmid Tr p. TrpE CORE 140 was inoculated in 3 ml of ^VT medium 

(1 ,6% tryptone^ 1% yeast extract, 0,5% NaCl) containing 50 ^ig/m! of ampicillin, and cultured at 37''C for 9 hr One ml 
of the culture was then subcultured at 37^0 in 100 ml of M9-CA medium (0.6% Na£HP04, 0.5% KH2PO4, 0.5% NaCi, 
0.1% NH4Ci, 0,1 mM CaClg, 2 mM MgS04, 0.5% casamino acids, 0.2% glucose). When OD^qq reached 0.3, indole- 
acrylic ac^d was added to the culture to a final concentration of 40 mg/l, followed by 16-hr culture. The culture was 

1^ centrlfuged to collect bacterial cells. 

The bacterial cells were suspended in 20 ml of Buffer A [50 mM Tris-HCI (pH 8.0), 1 mM EDTA, 30 mM NaCI], and 
subjected to recentrifugation to obtain 2.6 g the expressed bacterial cells which were subsequently suspended in 10 
ml of Buffer A and disintegrated by sonicatlon. Following centrifugation, an insoluble fraction thai contains a fusion 
polypeptide of a polypeptide encoded by NANBV cDNA with TrpE was obtained. To this fraction was added 1 0 mi of 

^0 Buffer A containing 6 M urea to sotubilize the fusion polypeptide. The solubiHzed extract was loaded onto an ion- 
exchange column and eluted with the gradient from 0 M NaCI to 0.5 M NaCI to purify the fusion polypeptide. 

Example 2 

Preparation of hybridoma 

The fusion polypeptide (TrpCII ) prepared by the method of Example 1 was dissolved in physiological saline in a 
concentration of 1 .0 mg/ml, and then mixed with an equal volume of complete Freund*s adjuvant to make a suspension 
of TrpCII. The concentration of TrpGH in the suspension was adjusted to the range from 0.01 mg/m! to 0.05 mg/ml, 

50 after which the suspension was intraperitoneatly administered to 4 to 6-weekold BALB/c mice. After 8 weeks, a phys- 
iological saline solution containing 0.01-0.03 mg/ml of TrpCII was administered in the tail veins of the immunized 
animals. On day 3 after final booster, the spleen cells were asepticaiiy removed from each immunized animal, sliced 
with scissors, broken up into Individual cells using a mesh, and washed three times with RPMM640 medium. After 
the spleen ceils were cultured over several days In the presence of B-azaguanldlne, a murine myeloma cell line PAI of 

35 logarithmic growth phaae from which back mutations were removed completely was washed as above. This 1 ,8 X 10^ 
myeloma cells were mixed with 1.0X10® spleen cells in a SO-ml centrifugatlon tube. Following 5-min centrifugation at 
200 X g, the supernatant was mixed with 1 ml of RPMI-1 640 medium containing 50% polyethylene glycol (PEG) #4000 
(Merck) at 37°C to effect cell fusion between them. The PEG was removed from the fusion cells by centrifugation (200 
X g, 5 min), and the fusion cells were cultured over 1 to 2 weeks in RPMM640 containing hypoxanthine, aminopterin 

40 and thymidine (hereinafter, referred to HAT) in a ge-well plate, to result in growth of hybridomas alone. Thereafter, the 
fusion celts were grown in the HAT-free medium and, after2 weeks, screened for cbnes producing antibodies of interest 
by ELISA to obtain hybridomas capable of producing the monoclonal antibodies of this invention, having desirable 
specificity. 

With respect to the hybridomas obtained, the screening of strains producing monoclonal antibodies of interest was 
45 carried out in accordance with the conventional limiting dilution method. As the results, the screened hybridomas were 
named HC 1 1 -5E3, HC1 1 -5F1 1 , HC11 -51 5S and HC1 1 -1 080S, all of which were respectiVGly deposited with the National 
Institute of Bioscience and Human-Technology, Agency of Industrial Science and Technology, Ministry of International 
Trade and Industry, Japan on July 5, 1 994, July 5, 1 994. June 29, 1 994 and June 29, 1 994 under accession numbers 
PERM P"14416,FERM P'14416,FERM P-1 4403 and FERM P-14402, and subsequently transferred to the international 
so deposition under the terms of the Budapest Treaty on June 23, 1995 and received Accession Nos. PERM BP-5147, 
PERM BP-5148, PERM BP-5146 and PERM BP-5145, respectively. 

Example 3 

Preparation of monoclonal antibody 

The hybridomas obtained in Example 2 were treated with pristane and then planted into murine abdomes, after 
which monoclonal antibodies produced in ascites were removed from the abdomes. The monoclonal antibodies were 
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purified in accordance with usual procedures: precipitation with ammonium sulfate; dialysis against phosphate buffer; 
and separation of IgG fraction on Protein A-bound Sepharose column. The sub-types of the monocional antibodies 
5E3, 5F1 1 , 51 6S and 1 080S produced by the above mentioned 4 types of hybrldomas were determined as being lgG2a 
for 5E3 and 5F11 and IgGi for 515S and 1080S by the double diffusion method using each of the isotypes of rabbit 
5 anti-mouse Ig (Zymed), Regarding 4 types of the monoclonal antibodies, epitope analyses were conducted using 20 
peptides synthesized based on sequences from the HCV core region, and as a result, it has been found that they could 
recognize parts of the core region specificaily. The results are shown in Table 1 . 

10 
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2S Example 4 

Demonstration of reaction specificity of the antibcdies by Western blotting 

Lysates containing proteins expressed within a culture ceit line derived from rabbit kidney RK13, that has been 
30 separately infected with a recombinant vaccinia virus LO-R6J20 which carries a gerte encoding CORE, ENV, E2/IMS1 
and NS2 regions from HCV or with a recombinant vaccinia virus LQ-R5J13 which carries a gene encoding ENV and 
E2/NS1 regions -from HCV, were subjected to SDS-polyacrylamide gel electrophoresis, after which the resultant gei 
was attached cbsely to a poiyvlnylidene fluoride membrane (PVDF membrane, Mlllipore) and eiectroblotted (gel side: 
cathode; PVDF membrane side: anode} to transfer the proteins on the gel to the PVDF membrane Then the transferred 
3S PVDF membrane/was soaked at 4''C overnight in 0.1 M phosphate buffer {pH 7,4) containing 5% skim milk (DIfco) and 
1% BSA (bovine serum albumin) in order to effect blocking and washed with Tris-HCt buffer (pH 7.0} containing 0.05% 
Tween 20 (referred to as "TBS"). 

The PVDF was subsequently reacted at room temperature for 1 hr with 10 fig/m! of a monoclonal antibody chosen 
from 51 5S, 10S0S, 6E3 and 5F11, as first antibody, prepared in Example 3 and dissolved in 0.1 M phosphate buffer 
40 {pH 7,4) containing 5% skim milk and 1% BSA. After reaction, the PVDF membrane was washed weli with TBS and 
then reacted at room temperature for additional 1 hr with a horse radish peroxidase-labeled anti-mouse IgG-f-lgM an- 
tibody mixture, as second antibody diluted in 0.1 M phosphate buffer (pH 7.4) containing 5% skim milk and 1% BSA. 
After the resultant PVDF membrane was washed well with TBS, the color development was done using 0. 1% 4'Chloro- 
1-naphtol solution and 0.2% HgOg solution. 

Western blot images between each monoclonal antibody and HCV.CORE antigen are shown in Fig. 1 . Each of the 
monoclonal antibodies was specificaHy reacted with a 22 Kd protein expressed (n the recombinant vaccinia virus- 
infected eukaryote cells that contain an HCV.CORE region encoding gene, but not with proteins expressed In the 
recombinant vaccinia virus-infected eukaryote cells that contain a gene encoding NOV ENV and E2/NS1 regions. Thus 
these results prove that the monoclonal antibodies employed can recognize an HCV.CORE antigen specifically 

so 

Example 5 

Preparation of 3-galactosidase labeled monoclona! antibody 

ss (A) Preparation of 5E3Ffab'}^ 

To use an antl-HGVCORE antibody {i.e., mouse monoclonal antibody: 5E31gG) for labeling, 1 0 mg of the antibody 
was diaiyzed against 0. 1 M sodium acetate buffer {pH 40) containing 0.2 M NaCI.- and then concentrated to a volume 
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of 1 ml by centrifugation using Centrlcon^^. 10 (Amicon). To the antibody solution was added pepsin (Sigma) suspended 
in 0. 1 M sodium acetate buffer (pH 4.0) containing 0.2 M NaCI, to a final concentration of 4% based on tine total amount 
of IgG, followed by reaction at ay^'C for 1.5 hr. After the reaction, the reaction mixture was applied to a Sephadex^^ 
G-150 column X 60 cm, Pharmacia) equilibrated with 0.1 M sodium borate buffer (pH 8.0) to collect an F(ab')2 
s fraction. After the fraction was dialyzed against 0. 1 M sodium phosphate buffer containing 1 mM EDTA, it was concen- 
trated to a volume' of 1 ml by centrffugatlon using Centrlcon™ 10. The concentrate was named 5E3F(ab*)2 and used 
for preparation of a labeled antibody 8y this method, about 5 mg ot the F(ab')2 could be prepared from 1 0 mg of 5E3 i gG. 

(B) Preparation of B-izralactostdase labeled SE3 antibody 

10 

To 5 mg of the 6E3F(ab')2 prepared by the above mentioned method was added 0.1 ml of a solution of 0.1 M 
2-mercaptoethy)amlne HCi {Okishida Chemicals, Japan) in 1 mM EDTA plus 0.1 M sodium phosphate buffer (pH B.O), 
and the mixture was reacted at ST'^C for 90 min. The Fab' was then purified by acolumn chromatography on Sephadex™ 
G-25 ((t>1 .6 X 20 cm, Pharmacia) equifibrated with OA U sodium phosphate buffer (pH 6.0) plus 1 mM EDTA. The Fab' 

IS fraction was coliecled and concentrated to a volume of 1 ml by centrifugation. 

On the other hand, ji-galactosidase (Boehringer) was weighed (10 mg as protein) and dissolved in 1 ml of 0.1 M 
sodium phosphate buffer (pH 6.0). To this solution was added 10 pi of a solution of 50 mg/ml N,N*"(1 .^--phenylene) 
bismaleimide (Wako Pure Chemicals, Japan) in N,N-dlmethyl formamlde (Okishida Chemicais, Japan), and the mixture 
was then subjected to the 20-min maleimidation reaction of the SH group ol p-galactosidase at 30**C. The reaction 

20 mixture was applied to a Sephadex™ G-25 column .5 X 20 cm) equilibrated with 0.1 M sodium phosphate buffer 
(pH 6.0) to collect P-galacosldase fractions which were subsequently concentrated by centrif ugation using Centircon'^'^ 
10. 

The 5E3 Fab* and (3-galactosidase prepared as above were mixed in a molar ratio of about 4:1 and reacted at 4^C 
for 15-24 hr. Two mM S-mercaptoethylamine HCI was added to the above reaction mixture to react at 4**C for 15-24 
25 hr for blocking of unreacted maleimide groups. Then, the unreacted 5E3Fab' was removed by etution using a Sepha- 
rose"^ SB column (<t}1 .6 X 65 cm, Pharmacia) equilibrated with 10 mM sodium phosphate buffer (pH 67), 0.1 MNaCI, 
0.1% BSA, 1 mM MgClg.eHp and 0.1% NaNg (hereinafter, referred to as "Buffer A"), to purify the ^-galactosidase 
labeled 5E3 antibody 

30 (C) Assay _gfJ"gQ^^ctos[dase 

The activity of jj-gaiactosidase was conducted by Rate Assay In this assay, 50 pi of the labeled antibody prepared 
in (B) was added to 2,93 ml of a mixture of 0.3 m! of 10 mM MgC!2. 0.4 ml of 2-nltrophenyl-p-D-galactopyranoside (final 
concentration, 6,9 mg/ml; Wako Pure Chemicals, Japan) in 50 mM Potassium phosphate buffer (pH 7.B) and 30 pi of 
35 10 M mercaptoethanol (Wako Pure Chemicals), in 50 mM potassium phosphate buffer (pH 7.8), to read the difference 
of absorbance (AAbs) at 405 nm at 37*C over 5 min. 

Example 6 

Preparation of solid phase 

The anti-HCV.CORE antibody (mouse monoclonal antibody: 5F11 igG) was diluted to a final concentration of 2.5 
\ig/m\ In 0.1 M sodium phosphate buffer (pH 7.5) containing 0.1% NaNg, and the mixture was dispensed into solid 
phase tubes (Nunc, Startube™) in 300-pl portions per tube. After each tube was lett at 4*C overnight, it was washed 
45 twice with 2 ml of 10 mM sodium phosphate buffer (pH 7.0) containing 0.15 M NaCi and 0.05% Tween 20 (hereinafter, 
referred teas "Washing buffer"), added 2 mf of 10 mM sodium phosphate buffer (pH 70) containing 0.5% casein-Na 
and 1 % sucrose (hereinafter, referred to as "Blocking buffer"), and left at 4''C overnight. The tubes prepared as above 
were employed for assays set forth below. 

BO Example 7 

Treatment of sera 

One ml of serum was dispensed into a microcentrifugation tube (Eppendorf), and to this was added 40 mg of 
55 polyethylene glycol (PEG) 4,000 (Wako Pure Chemicals, Japan). After the tube was overturned repeatedly to well mix 
the content of the tube, it was left at 4^C for 3 hr. FoHowing 1-hr centrifugation at 4,000 X g at 4°C, the supernatant 
was removed while the precipitate was suspended in 1 00 jil of a mixture of 0.5 % NaCI and 0.5% of sodium cerate and 
then subjected to the denaturation reaction at 37°C for 30 min, after which the reaction mixture was neutralized by 
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addition of 100 \i\ of 0.5 M NaH£p04 coatalning 6% Triton 
Example 8 

Detection and quantitative anaiysis of Non-A,Non-8 hepatitis structural region core proteins by use of the monoclonal 
antibodies 5F11 and 5E3 

According to the method described in Example 6, the monoclonal antibody 5F11 was immobilized on a microplate 
to which Blocking buffer was then added and left at 4''C overnight, thereby a SFII immobilized support being prepared. 
To each well of the plate were added 100 ^1 of 10 mM $odium phosphate buffer (pH 7.0) containing 0,5 M NaCi, 2.5 
mM EDTA.2Na. 1 % BS A, 0.5% caseln-Na, 5% mouse serum and 0.25% Tween 80 (hereinafter, referred to as "Reaction 
buffer") and 50 \i\ of each of the solutions of TrpC 11 protein having different concentrations ranging from 0 to 100 ng/ml 
prepared in Example 1 , and the plate was reacted at room temperature for 1 hr while shaking and washed six times 
with 300 |il each of Washing buffer. The plate was then reacted at room temperature for 1 hr following the addition of 
100 p.! of the peroxydase (POD) labeled monoclonal antibody 5E3. 

After the plate was washed six times with 300 pi of Washing buffer, to which 100 pi of a solution of the substrate 
o-phenylene diamine (hereinafter, referred to as "OPD") was added, and ihe plate was reacted at room temperature 
for 30 min. To the plate, 100 \i\ ot a reaction termination liquid of 2N sulfuric acid was added, after which the amount 
of TrpC1 1 protein was determined by measurement of the absorbance (A492) st 492 nm in relative to the absorbance 
at 690 nm as control Table 2 shows that the amount of TrpC1 1 protein can be measured in a dose dependent manner. 
Thus, by use of the monoclonal antibodies 6F11 and 5E3 of the invention, NANBV structural region core proteins can 
be detected or determined quantitatively. 

Example 9 

Detect iQn_anjlguantjtat[ anaiys is of Non -A, Non -B hepatitls struct ural region core protejns j^^ 
antibodies 1080S and 51 5S 

The TrpC1 1 protein was measured by repeating the procedure of Example 8, except that the monclonal antibody 
1080S and the monoclonal antibody 515S were employed as a solid phase antibody and as a labeled antibody, re- 
spectively. As shown in Fig. 3, R is found that the TrpC11 protein can be measured in a dose dependent manner. This 
result proves that the use ol the monoclonal antibodies 1080S and 51 53 make it possible to detect or quantitatively 
determine NANBV structural region core proteins. 

Example 1 0 ^ 

Comparison of sensitivity for measurernentMNQn-A,Non-B hepatitis virus structural region core proteins by means of 
different enzyme-labeled antibodies 

The measurement of the TrpCH protein was substantially carried out in the same way as in Example 8, except 
that PODj alkaline phosphatase or ji-galactosidase was employed as an enzyme for labeling of second antibodies and 
that OPD (o-phenylene diamine), HPPA {3-{4-hydroxyphenyl)prop ionic acid), pNPP (p-nitrophenyl phosphate), N ADP 
(nicotineamide adenine dinucleotlde phosphate), AMPPD (3-(2'"Spiroadamantane)-4-methoxy-4-(3"-phosphoryloxy)'' 
phenyl-1 ,2-dioxetane) or 4MUG (4-methylumbe!li1eryl p-D-galactopyranoside) was employed as a substrate. When a 
combination of the monoclonal antibodies 1080S and 51 5S was employed, as seen in Table 2, the system of p-galac- 
tosldaseMMUG gave the highest sensitivity for detection of NANBV structural region core proteins. And the high sen- 
sitivity was achieved when the monoclonal antibody 5F11 was employed as a solid phase antibody while the P-galac- 
tostdase-labeled monoclonal antibody 5E3 as a second aontibody (see Figs. 4 and 5). 



Table 2 







Detection limit 


Enzyme 


, Substrate 


Enzyme 


TrpC 11 


POD 


OPD (colorimetry) 


30amol/assay 


1,560 pg/ml 


POD 


HPPA (fiuorometry) 


15 


1,000 


ALP 


pNPP (colorimetry) 


30 


20.000 


ALP 


NADP (colorimetry) 


10 


1,000 
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Table 2 (continued) 







Detection limit 


Enzyime 


Substrate 


Enzyme 


TrpCII 


ALP 


AMPPD (luminescence method} 


0.2 


6,000 




4MUG (fiuorometry) 


as 


400 



Example 11 

Detection limit of Non-A.Non-B hepatitis virus structural region core protetne in the case that the monoclonal antibodies 
5F11 and5E3 are employed 

To the solid phase (plate) immobilized by the antibody 5F11 was added 200 ^1 of Reaction buffer following the 
removal of Blocking buffer, then 100 [x\ of each of the solutions of the TrpC11 protein prepared in Example 1 having 
different concentrations ranging from 0 to 5,120 pg/ml being added to each weiiof the plate. The plate was subsequently 
reacted at Sy^C for 1 0 min while shaking and washed twice with 2 ml each of Washing buffer. To the plate was added 
300 p.1 of a solution of the 40 mU/mi p-galactosidase-labeled 5E3 diluted in Buffer A followed by 9-min reaction at 37*C. 
After the plate was washed with 2 ml of Washing buffer, 2 ml of fresh Washing buffer was added and the reaction was 
carried out at 37^*0 for 1 min. The liquid was removed from each well of the plate by suction, and the plate was again 
washed with 2 ml of washing buffer. 

Next, following the addition of 300 \i\ of a substrate solution: 0.1 mM 4-methylumbe(liferyl p-D-galactopyranostde 
(4MUG; Molecular Probe) diluted in ID mM sodium phosphate buffer (pH 7.0), 0.15 M NaCI, 1 mM MgGf^, 0.1% NaNg 
(hereinafter, referred to as HMUG-dilution butter")), the reaction was carried out at 37*'C for 9 min while shaking and 
stopped by addition of 1 ml of 0 J U glycine-NaOH (pH 10.3) (referred to as "Reaction-stop solution). The j^-galactos- 
idase labeled 5E3 in well can cleave 4MUG to generate a fluorescent coumarin product. Through the measurement 
of a relative fluorescent strength of the coumarin product, the concentration of TrpCII protein can be determined 
indirectly. 

The fluorescent intensity was determined at 360 nm tor excitation and 450 nm for emission. As a fluorescent 
standard was employed a solution of 10 nM 4-methyIumbelliferon (Nakarai Chemicals, Japan) in 0.1 M giycine-NaOH 
(pH 10.3), and its ralative fluorescent intensity was set at 100 while that of the 0.1 M glycine-NaOH (pH 10.3) at 0. 

As shovwi in Figs. 6 and 7, the detection limit of TrpC1 1 was in a level ranging 5 pg/ml to 20 pg/ml. 

Example 12 

Measurement of Non-A^Non-B hepatitis virus structural region core proteins in serum samples 

The quantitative analysis of NANBV stfucturai region core proteins in sera was carried out. The serum samples 
used were ones identified previously as positive or negative by a second generation diagnostic reagent {Immucheck- 
HCV Ab "KOKUSAl", sold by International Reagents Co., Japan) for Non-A,Non-B hepatitis and determined as being 
1 0^-1 0^/ml of a PCR-titer by the RT (Reverse Transcriptase}"PCR method. To the 5F 1 1 -immobilizGd solid phase (plate) 
prepared by the method of Example 6, from which the Blocking buffer has been removed, was added 200 ^i of Reaction 
buffer. Following addition of 100 pi of the serum that was pretreated in the same way as in Example 7, the reaction 
was carried out at 37°C for 10 min while shaking. The plate was twice with 2 mi each of V\feshing buffer, to which 300 
III of a solution of 40 mU/ml p-galactostdase-labeled 5E3 in Buffer A was added followed by 9-min reaction at 37''C. 
The plate was washed with 2 ml of Washing buffer, and to this was added 2 mi of fresh Washing buffer After the plate 
was shaked at 37*^0 for 1 min, the Itquid was removed by suction. Then the plate was washed with 2 ml of Washing buffer. 

To the plate was added 300 iil of a solution of 4MUG in the 4iVIUG-di!ution buffer, and the reaction was carried out 
at 37*'G for 9 min while shaking, and then stopped by addition of 1 ml of Reaction-stop solution to measure the relative 
fluorescent intensity at excitation 360 nm and emtssjon 450 nm. As a fluorescent standard, a solution of 1 0 nM 4-meth- 
ylumbeiliferon (Nakarai Chemicals, Japan) in 0.1 M glycine-NaOH (pH 10,3) was employed. Its relative fluorescent 
intensity was set at 1 00 while that of the 0. 1 M glycine-NaOH (pH 10.3) at 0. The recombinant antigen (TrpCII protein) 
expressed In Example 1 was used as a standard antigen, and it was dissolved to a concentration of 1 mg/mi in 0.1 M 
sodium phosphate buffer (pH 7.5) plus 8^M urea and then adjusted toa given concentration using Reaction buffer. This 
solution was employed as a standard antigen. As seen in Fig. 8, the test results showed good consistency with those 
determined using the second generation diagnosis reagent for Non-A,Non-B hepatitis. 
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Example 13 

Measurement of reaction rata constants of the monoclonal antibodies 5F11. 5E3. 1QBQS and 515S 

5 Rate constants of the immunobgical reaction between each of the monoclonal antibodies 5E3, 1080S and 

51 5S andTrpCH protein were determined using a surface plasmon reasonance analyzer (BIAcore"^, Pharmacia) that 
was an instrument for measurement of biospecific interactions based upon the principle of surface piasmon resonance. 
The TrpG11 protein was immobilized onto Sensortfp^^ CU5 (Pharmacia) having a carboxydexlran layer by the usual 
amine coupling method, and each of the monoclonal antibodies that were diluted to an appropriate concentration in 

10 HBS buffer (lOmMHEPES, a4mMEDTA, ISOmMNaCl, 0.005% Tween 20, pH 7,4) was flowed through the Sensortip 
over 25 min. In this case, the resonance signai value that increases by binding of each antibody to the TrpC11 protein 
on Sensortrip, was measured at time intervals of 30 sec. At the same \me, the change in resonance signal was cal- 
culated and recorded. The samples were prepared in 5 to 10 different concentrations per antibody and measured In 
the same way as above to determine an affinity rate constant. 

IS On the other hand, for the measurement of a dissociation rate constant, 100 ^g/ml monoclonal antibody in HBS 

buffer was flowed through the TrpC11 immobilized Sensortip over 15 min to bind the antibody to the TrpC11 on Sen- 
sorttp. HBS buffer was then passed through the Sensortip over 50 min. and the change In resonance signal resulted 
from the dissociation of the antibody from the TrpCII on Sensortip was measured at time Intervals of 60 sec. From 
the ratio of the affinity rate constant and dissociation rate constant determined in the same way as above, the binding 

£0 constant was calculated. The results are shown in Table 3. 



Table 3 



Antibody 


Affinity rate constant (K^^ (M-is-'^) 


Dissociation rate constant (s-i) 


Binding constant Kp^ {M"1 ) 


5E3 


2.2X10^ 


< 10"S 


>2.2X10*^f^ 


5F11 


4,1X104 


5.7X10-^ 


7.2X10^ 


51 5S 


8.1 X104 


<10-s 


>8.1 X109 


10B0S 


1.9X10^ 


2,3X10^ 


8.3X10^ 



From the table, all the tested monoclonal antibodies have a binding constant of not less than 1 0® {M'"^), indicating 
that they have high affinity for the target antigen. 

Advantages of the Invention 

According to this invention, hybridoma cell lines that can produce a monoclonal antibody having high binding 
specificity for an antigenic determinant on NANBV core structural proteins were obtained. The valuable monoclonal 
antibodies can speclficaiiy recognize the NANBV structural proteins in sera from patients with Non-A,Non-8 hepatitis 
thereby being served extensively as antibodies in various immunological reagents for diagnosis of NonA,Non-B hep- 
atitis. Additionally, the definitive diagnosis of NonA,Non-B hepatitis can be conducted by utilizing the detection or quan- 
tification method of NANBV with the monocional antibodies of the Invention. 
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Sequence Listing 

GENERAL INFORMATION: 

(i) APPLICANT: KASHIWAKUMA, Tomiko 
YAGI, Shintaro 
HASEGAWA, Aklra 
KAJITAr Tadahiro 
OTA, Yosuke 
MORI^ Hiroyuki 
(ii) TITLE OF INVENTION: IMMUNOASSAY OF NON"A,NOM"B 

HEPATITIS VIKUS-RELATED ANTIGENS, MONOCLONAL 
ANTIBODIES FOR USE THEREIN. AND HYBRIDOMAS 
PRODUCING THE ANTIBODIES 
(iii) NUMBER OF SEQUENCES: 7 
(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE; KAVIAGUTI & PARTNERS 
{B) STREET: Yamada Bldg., 1-14 

(C) CITY: Shinjuku 1-chome, Shinjuku-ku 

(D) STATE: Tokyo 
CE) COUNTRY: Japan 
(F) ^XP: 160 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: Apple Macintosh 

(C) OPERATING SYSTEM: Macintosh SE, Text file 

(D) SOFTWARE: Microsoft Word Version #4,0 
(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 
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(B) FILING DATE: 

(C) CLASSIFICATION: 
{vli). PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: JP 6-183904 
CB) FILING DATE; July 12, 1994 
(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: 

(B) REGISTRATION NUMBER: 

(C) REFERENCE/DOCKET NUMBER: 
(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 

(B) TELEFAX: 

(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 140 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 
{vi) ORIGINAL SOURCE: 

(A) ORGANISM: HON-A^NON-B hepatitis virus 
(xi) SEQUENCING DESCRIPTION: SEQ ID N0:1: 
Met Lys Ala He Phe Val Leu Lys Gly Ser Leu Asp Arg Asp Pro Glu 

15 10 15 

Phe Met Gly Thr Asn Pro Lys Pro Gin Arg Lys Thr Lys Arg Asn Thr 

20 25 30 

Asn Arg Arg Pro Gin Asp Val Lys Phe Pro Gly Gly Gly Gin He Val 
35 40 45 
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25 



Gly Gly Val Tyr Leu Leu Pro Arg Arg Gly Fro Arg Leu Gly Vai Arg 
50 55 60 

5 

Ala Thr Arg Lys Thr Ser Lys Arg Ser Gin Pro Arg Gly Gly Arg Arg 
65 70 75 80 

^0 Pro lie Pro Lys Asp Arg Arg Ser Thr Gly Lys Ser Trp Gly Lys Pro 

85 90 95 

Gly Tyr Pro Trp Pro Leu Tyr Gly Asn Giu Gly Leu Gly Trp Ala Gly 

15 

100 105 110 

Trp Leu Leu Ser Pro Arg Gly Ser Arg Pro Ser Trp Gly Pro Thr Asp 
^0 115 120 125 

Pro Arg His Arg Ser Arg Asn Val Gly Lys Val lie 
130 135 140 

(2) INFOKlyLATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS; 

(A) ' LENGTH: 123 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: NOM-A, NON-B hepatitis virus 
(xi) SEQUENCING DESCRIPTION: SEQ ID NO; 2: 
Met Gly Thr Asn Pro Lys Pro Gin Arg Lys Thr Lys Arg Asn Thr Asn 

1 5 10 15 

Arg Arg Pro Gin Asp Val Lys Phe Pro Gly Gly Gly Gin lie Val Gly 

20 25 30 

Gly Val Tyr Leu Leu Pro Arg Arg Gly Pro Arg Leu Gly Val Arg Ala 
35 40 45 



$0 
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40 



4B 



SO 



65 
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Thr Arg Lys Thr Ser Lys Arg Ser Gin Pro Arg Gly Gly Arg Arg Pro 

50 55 , 60 

lie Pro Lys Asp Arg Arg Ser Thr Gly Lys Ser Trp Gly Lys Pro Gly 
65 70 75 80 

Tyr Pro Trp pro Leu Tyr Gly Asn Glu Gly Leu Gly Trp Ala Gly Trp 

85 90 95 

Leu Leu Ser Pro Arg Gly Ser Arg Pro Ser Trp Gly Pro Thr Asp Pro 

100 105 110 

Arg His Arg Ser Arg Asn Val Gly Lys Val lie 

115 120 
(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 11 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 
(ii) HOLECULE TYPE: peptide 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: NON-A.NON-B hepatitis virus 
(xi) SEQUENCING DESCRIPTION: SEQ ID NO: 3; 
Fro Gly Gly Gly Gin lie Val Gly Gly Val Tyr 

1 5 10. 

(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: NON-A,NON-B hepatitis virus 
(xi) SEQUENCING DESCRIPTION: SEQ ID NO: 4: 
He Val Gly Giy Val Tyr Leu Leu Pro Arg Arg Gly Pro Arg Leu Gly 
1 5 10 15 . 

Val Arg Ala Thr Arg 
20 

{2) INFORMATION FOR SEQ ID NO: 5: 
20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

25 

(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 
so (ii) MOLECULE TYPE: peptide 

(vi) ORIGINAL SOURCE; 

(A) ORGANISM: NON^-A^ NON--B hepatitis virus 
(xi) SEQUENCING DESCRIPTION: SEQ ■ ID NO : 5 : 
Lys Thr Ser Lys Arg Ser Gin Pro Arg Gly 
15 10 
(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

50 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: other nucleic acid 
(xi) SEQUENCING DESCRIPTION: SEQ ID NO : 6 : 



^5 



40 



45 



5S 



IS 
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GAATTCATGG GCACGAATCC TAAA 
{2) INFORMATION FOR SEQ ID NO: 7: 

. (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDHESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(xi) SEQUENCING DESCRIPTION: SEQ ID NO: 7 
TTAGTCCTCC AGAACCCGGA C 
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SEQaENCE LISTING 



(1) GEKSRAL INFORHATION: 



10 



IB 



20 



25 



30 



{!) APPLICANT; 

{A) NAME: Tlie Tokyo Metropolitan Institute of 
Science 

(B) STREET: 3-18-22 Honkomagome 

{C) CITY; Bunkyo'-ku 

{D) STATE: Tokyo 

{ E ) COUEfXRY : Japan 

(F) POSTAL CODE (2:iP): 113 



Medical 



{A 
(B 

(D 
(E 
(F 

{h 
(B 
(C 
(D 
{E 
(F 



NAME: International Reagents Corporation 

STREET; 2-1-30 Hamabedori 

CITY; Chuo-ku^ Kobeshi 

STATE: Hyogo~ken 

COUNTRY: Japan 

POSTAL CODE (ZIP): 651 

KAME: Tonen Corporation 

STREET: l^l^l Hitotsubashi 

CITY: Chiyoda-ku 

STATE ; Tokyo 

COUNTRY: Japan 

POSTAL CODE (ZIP): 100 



35 



(ii) TITLE OF INVENTION?; Iimnunoassay of non-A, non-B hepatitis 
virus-related antigens, monoclonal antibodies for use 
therein, and hybridomas producing the antibodies 



40 



(ill) NUMBER OF SEQUENCES; 7 



{iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 
45 (B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

{D} SOFTWARES Patentin Release #1.0, Version #1*25 (EPO) 

£^ (V) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: EP 95304871.7 
(vi) PRIOR APPLICATION DATA; 

(A) APPLICATION NUMBER: JP 183904/94 

(B) FILING DATE: 12-JUL-1994 
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{2) INFORMATION FOR SEQ ID NO: I; 



(1) SEQUENCE CFiARACTERISTICS: 

(A) LENGTH: 140 amino acids 

(B) TYPE; amino acid 

(C) STKAMDSDNESS; 

(D) TOPOLCG:^; linear 



(ii) MOLECULE TYPE: peptide 



(vi) ORIGINAL SOURCE: 

{A} OTIGANISM; N0N-A,NOM-B Hepatitis virus 

(xi) SEQUENCE DESCKIPTION: SEQ ID NO:l: 

Met Lys Ala Xle Phe Val Leu Lys Gly Ser Leu hB^ Arg Asp Pro GXu 

15 10 15 

Phe Met Gly Thr Asn Pro Lys Pro Gin Arg Lys Thr Lys Arg Asn Thr 

20 25 30 

Asn Arg Arg Pro Gin Asp Val Lys Phe Pro Gly Gly Gly Gin lie Val 

3S 40 45 

Gly Gly Val Tyr Leu Leu Pro Arg Arg Gly Pro Arg Leu Gly Val Arg 

SO 55 60 

Ala Thr Arg Lys Thr Ser Lys Arg Ser Gin Pro Arg Gly Gly Arg Arg 
65 70 75 80 

Pro lie Pro Lys Asp Arg Arg Ser Thr Gly Lys Ser Trp Gly Lys Pro 

85 90 9S 

Gly Tyr Pro Trp Fro Leu Tyr Gly Asn Glu Gly Leu Gly Trp Ala Gly 

100 105 110 

Trp Leu Leu Ser Pro Arg Gly Ser Arg Pro Ser Trp Gly Pro Thr Asp 

115 120 125 

Pro Arg His Arg Ser Arg Asn Val Gly Lys Val lie 
130 135 140 



{2) INFORMATIOrT FOR SEQ ID HO; 2; 

{!) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 123 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGif: linear 



(ii) MOLECULE TYPE: peptide 



(vi) ORIGINAL SOURCE; 

(A) ORGANISM: NON-A.NON-B hepatitis virus 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NOr2: 
Met Gly Thr Asn Pro Lys Pro Gin hxq Lys Thr Lys Arg Asn Thr Asn 

15 10 15 

Arg Arg Pro Gin Asp Vai Lys Phe Pro Gly GLy Gly Cln lie Val Gly 

20 25 30 

Gly Val Tyr Leu Leu Pro Arg Arg Gly Pro Arg Leu Cly Val Arg Ala 

^S 40 45 

Thr Arg Lys Thr Ser Lys Arg Sar Gin Pro Arg Gly Gly Arg Arg Pro 

50 55 60 

He Pro Lys Asp Arg Arg Ser Thr Gly Lys Ser Trp Gly Lys Pro Gly 
55 70 75 80 

^5 Tyr Pro Trp pro Lea Tyr Gly Asn Glu Gly Lea Gly Trp Ala Gly Trp 

85 90 95 

Leu Leu Ser Pro Arg Cly Ser Arg Pro Ser Trp Gly Pro Thr Asp Pro 
100 105 110 

^0 Arg His Arg Sar Arg Asn Val Gly Lys Val He 

115 120 

(2) Xf^FORMATION FOR SSQ ID NO: 3: 
2S (i) SEQUENCE CHARACTERISTICS: 

{A) LENGTH: 11 amino acids 
{B) TYPE: amino acid 
(C) STRANDEDNESS: 
(D.) XOPOLOCy; linear 
[ii) MOLECULE TYPE: peptide 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM; NON'-A^NON-B hepatitis virus 
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
Pro Gly Gly Gly Gin lie Val Gly Gly Val Tyr 
15 10 



30 



35 



40 



45 



SO 



65 



(2) INFORHATION FOR SEQ ID NO: 4: 

(i) SEQUENCB CHARACTERISTICS: 

(A) LENGTHS 21 amino acids 
(S) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 
(ii) KOLECULE TYPE: peptide 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM; NON"AfNON--B hepatitis virus 
<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4; 
He Val Gly Gly Val Tyr Leu Leu Pro Arg Arg Gly Pro Arg Leu Gly 

15 10 15 

Val Arg Ala Thr Arg 
20 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
^ (A) LENGTH: 10 amino acids 

(B) T3fPE: amino acid 

(C) STRANDED NESS: 

(D) TOPOLOGY: linear 
<ii) MOLECULE TYPBt peptide 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: NON-'A/NON-B hepatitis virus 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
^5 Lys Thr Ser Lys Arg Ser Gin Pro Arg Gly 

1 5 ^ 10 

(2) INFORMATION FOR SEQ ID NO: 6: 
20 (i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 24 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: Single 
2S (D) TOPOLOGY; linear 

(ii) MOLECULE TYPE; Other nucleic acid: synthetic primer 
(xl) SEQUENCE DESCRIPTION: SEQ ID N0:6i 
GAATTCATGG GCACGAATCC TAAA 24 

30 

{2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 
$5 (B) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid: synthetic primer 
40 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

TTAGTCCTCC AGAACCCGGA C 21 
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Claims 

1, A hybridoma cell line which can produce a monoclonal antibody having binding specificity tor an antigenic deter- 
BO mlnant site on core structural protein from Non-A,Non-B hepatitis virus {NANBV), the monoclonal antibody having 

a binding constant K^i, of 5 X 1 0^ [M'^j or larger when formfng an immune complex between the monocionai antibody 
and the NANBV core structural protein. 

2, The hybridoma celt line of claim 1 which is selected from the group consisting of HC11-5E3 (FERM BP-5147), 
55 HG1^5F11 (FERM BP-5148), HC11-515S (PERM BP-5146) and HC11-1080S (FERM BP-5145). 

3, A monoclonal antibody produced by the hybridoma ceil line according to claim 1 or clainn 2. 
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4. The monoclonal antibody of claim 3 wherein [t recognizes at least 3, preferably at least 5 contiguous amino acid 
residues In an ammo acid sequence sliown In SEQ SD NO:1 , as an antigenic determinant site on the core structural 
protein from NANBV. 

s The monoclonat antibody of claim 3 wherein It recognizes at least 3, preferably at least 5 contiguous amino acid 

residues In an amino acid sequence shown In SEQ ID NO:3, as an antigenic determinant site on the core structural 
protein from NANBY 

6. The monoclonal antibody of claim 3 wherein it recognizes at least 3, preferably at least 5 contiguous amino acid 
10 residues in an amino acid sequence shown in SEQ ID NO;4, as an antigenic determinant sHe on the core structural 

protein from NANBV 

7. The monocional antibody of claim 3 wherein it recognizes at least 3, preferably at least 5 contiguous amino acid 
residues In an amino acid sequence shown in SEQ I D NO:5, as an antigenic determinant site on the core structural 

75 protein from NANBV, 

8. The monoclonal antibody of any one of claims 3 to 7 wherein the binding constant K^^^in forming an immune complex 
of the monoclonat antibody with the NANBV structural protein is 5 X 10^ [U'^] or larger, preferably 5 X 10^ [M-f] 
or larger 

20 

9. A process for the preparation of a monoclonal antibody according to any of claims 3 to 8, which comprises preparing 
a hybridoma cell line defined in claim 1 by fusion of a myeloma cell line with lymiphocytes derived from a mouse 
immunized with an NANBV structural core protein; cutturing the hybridoma cell line to secrete the monoclonal 
antibody capable of binding specifically to an antigenic determinant site on the NANBV core structural protein; and 

55 purifying the monoclonal antibody 

10. The process of claim 9 wherein the hybridoma cell line is selected from the group consisting of HC11'5E3, 
HC1V6F11, HC11-515S and HC11-1080S. 

30 11 . The process of claim 9 wherein the NANBV core structural protein has an amino acid sequence shown in SEQ ID 
NO: 1 or partial sequence thereof. 

12. The process of claim 9 wherein the NANBV core structural protein has an amino acid sequence shown in SEQ ID 
NO:2 or partial sequence thereof. 

35 

1 3. The process of claim 9 wherein the NANBV core structural protein has an amino acid sequence shown in SEQ ID 
NO; 3 or partial sequence thereof, 

1 4. The process of claim 9 wherein the NANBV core structural protein has an amino acid sequence shown in SEQ ID 
^0 NO:4 or partial sequence thereof, 

1 6* The process of claim 9 wherein the NANBV core structural protein has an amino acid sequence shown in SEQ ID 
NO;5 or partial sequence thereof. 

4S 16, An immunoassay of an NANBV-related antigen in specimen which comprises the following steps of: 

(a) centrifuging the specimen with polyethylene glycol to concentrate NANBV or its related antigen therein, 
followed by alkaline treatment; 

so (b) contacting the specimen treated In step (a) with the monocional antibody according to any of claims 3 to 

8 to form an antigen-antibody complex; and 

(c) detecting or quantifying the presence of the NANBV- related antigen. 

55 17. The immunoassay of claim 16 which further comprises labeling the monoclonal antibody 

18. A test kit for use In the immunoassay according to claim 16 or claim 17 which comprises at least one monoclonal 
antibody defined in any of claims 3 to 8, in combination with a labeled second antibody derived from a monoclonal 
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15 



20 



25 



30 



35 



40 



45 



SO 



55 



antibody defined in any of claims 3 to 8, wherein these monoclonal antibodies may be identical or dif erent. 

19. The test kit of claim 18 wherein the monoclohar antibody is selected from the group consisting of 5E3, 5F11 , 51 5S 
and 1080S which have binding specificity for an antigenic determinant site on NANBV core structural protefn, and 
the labeled second antibody Is selected from the group consisting of labeled 5E3, 5F11, 515S and 10SOS. 

20. A test kit for use in the immunoassay according to cialm 16 or claim 17, which comprises at least one monoclonal 
antibody defined in any of claims 3 to 8. 
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Fig. 2 
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Fig. 3 



1080S-515S(POD-OPD) 
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Fig * 4 
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Fig. 5 



1080S-515S (P GAL-4MUG) 
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Fig. 6 



5F11-5E3 (P GAL-4MUG) 
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Fig. 7 
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Fig . 8 
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